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Abstract 
This report outlines the design and construction of a solar powered, radio controlled electric glider. 
The design called for an electric glider that could take-off, climb and maintain continuous level flight 
during daylight hours on solar power alone in favourable atmospheric conditions.  
The project required the successful completion of the following steps:  
  Research and selection of a suitable airframe  
  Selection of a propulsion system i.e. electric motor, gearbox, propeller, and speed controller  
  Selection of off-the-shelf radio transmitter, receiver, and servo actuators to control the 
glider from the ground  
  Selection of a battery for energy storage  
  The design of a solar array that can be integrated into the wing surface of the glider  
  Research, design, construction and testing of a small, light and efficient maximum power 
point tracker (MPPT) based on a boost DC to DC converter.  
 
The selection of the airframe used and the design and construction of the various sub-systems was 
aided by a mathematical model.  This model was based on an energy balance and a weight balance 
of an aircraft in level flight. 
The glider is now complete and testing has shown that the glider can fly on solar power alone in 
ideal atmospheric conditions. However these conditions do not exist very frequently in summer in 
Perth, Western Australia. 
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1  Introduction 
1.1  Objective 
In recent years there has been a proliferation in the development and use of various kinds of 
autonomous micro-air vehicles (MAVs) including fixed wing, helicopter and quad-rotor aircraft.  The 
main driving force for this interest has been the advances in technology for electric powered flight, 
and price reductions in sensors used for the automation of flight controls.  Electric MAV flight has 
transformed in the last decade with the arrival of Lithium Polymer and Lithium Ion battery cells and 
brushless DC motors and controllers.  The lithium cells replace the previously common nickel 
cadmium and nickel metal hydride cells and offer much improved energy density.  DC electric motors 
have replaced brushed DC motors giving more power and greater efficiency while being practically 
maintenance free.  But even with these advancements the endurance of these MAVs is still limited 
to an average of 15-30 minutes.  
The aim of this project is to increase the endurance of an MAV using solar energy so that it can fly 
continuously during daylight hours.  The measurement of success for the project would be for the 
MAV to be able to take off, climb and maintain continuous level flight on solar power alone in 
favourable atmospheric conditions on a summer’s day.   
1.2  Requirements 
The project required the successful completion of the following steps: 
  Research and selection of a suitable airframe 
  Selection of a propulsion system i.e. electric motor, gearbox, propeller, and speed controller 
  Selection of off-the-shelf radio transmitter, receiver, and servo actuators to control the 
glider from the ground 
  Selection of a battery for energy storage 
  The design of a solar array that can be integrated into the wing surface of the glider 
  Research, design, construction and testing of a small, light and efficient maximum power 
point tracker (MPPT) based on a boost DC to DC converter.   
The target wing span of approximately 2 meters was selected for the airframe.  This size was chosen 
as it would better handle flying in windy atmospheric conditions than a smaller scale aircraft.  It 
would also allow the fitment of standard sized solar cells, while still being cost effective and easy to 
transport. 
1.3  Constraints 
The major constraints for this project were time and money.   The period of the 13
th June 2011 to 
30
th January 2012 was the time frame for the completion of this project.  As the lead time on 
materials and components was largely unknown there was a real risk that the project would be 
stalled while waiting for parts to arrive.  To combat this all the research for different tasks to be 
completed was done concurrently from the start of the project, and the selected components were 
ordered as soon as possible.  Also the project had to be completed on a very limited budget.  This 
meant the optimal components may not be affordable, so careful consideration of the different 
options was paramount to the success of the project. 11 
 
2  Conceptual Design 
The conceptual design phase of the project is based on the “Design of Solar Powered Airplanes for 
Continuous Flight” by A. Noth, R. Siegwart, and W. Engel [2].  The process outlined in this reference 
is intended to determine an optimal size and configuration for solar power airplane for continuous 
flight.  The configuration, wingspan, aspect ratio and aerofoil of the airframe used in this project will 
be directly influenced by the airframes that can be found commercially and budgetary constraints.  
Therefore it was decided to modify the model to provide a means to analyse prospective airframes 
for their suitability. 
Using the equations outlined in this section, an Excel spread sheet was created.  By entering the 
parameters of a prospective airframe and using iterative calculations, estimates of the total mass, 
total power consumption and required area of solar array can be determined.  The results of these 
calculations were used in selecting an airframe and for the selection and design of the systems and 
components of the aircraft. 
2.1  Irradiance 
To determine total solar irradiance for Perth (31 57’8”S 115 51’32”E) on a summer’s day, NASA’s 
surface meteorology and solar energy webpage was utilised [3].  A data set of daily insolation on a 
horizontal surface between 1
st January 2004 and 31
st of December 2004 was downloaded. 
The target endurance for the aircraft is for continuous daylight flight during the month of November.  
The average insolation for the month of November is                 which is also known as 
peak sunlight hours (PSH).  The monthly averaged daylight hours are 13.7.   (Sunrise at 5:10am and 
sunset at 7:20pm in November) 
2.2  Power Balance for Level Flight 
An aircraft travelling at a constant speed in level flight (neither gaining nor losing altitude) is at 
equilibrium.  That is the forces acting on it are in balance and there is no acceleration in any 
direction.  The forces acting on an aircraft due to its motion through air are lift    and the drag    
which are defined as 
         
 
 
     (2.1) 
         
 
 
     (2.2) 
where    is the coefficient of lift,    is the coefficient of drag,   is the of density air,   is the surface 
area of the wing and   is the relative air speed.     and    are dependent on the aerofoil profile 
(cross sectional shape of wing), the angle of attack of the wing,  , and the Reynolds number   . 
The drag coefficient is the sum of the aerofoil drag    , the induced drag     and the parasitic drag 
    
                        (2.3) 
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Induced drag is caused by vortices that trail behind a wing that is creating lift and is approximated by 
 
 
     
  
 
    
  (2.4) 
where AR is the aspect ratio of the wing (the ratio of its length to its chord) and e is known as 
Oswald’s efficiency factor is determined by the wing platform. 
 
Newton’s third law of motion states that action and reaction are equal in force and opposite in 
direction.  Therefore the lift must equal the weight of the aircraft and the thrust from the propeller 
must equal the drag to sustain flight.  This is illustrated in figure 2.1. 
 
 
 
 
 
 
 
Figure 2.1 Forces on aircraft in level flight. [4] 
The power produced by the propeller        is the thrust   multiplied by velocity of the aircraft  .  
Given thrust is equal to drag, equations 2.1 and 2.2 can be rewritten to give the power required for 
level flight as shown in reference [2] 
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  (2.5) 
where g is the acceleration due to gravity,   is air density, and b is the wingspan of the aircraft. 
From equation 2.5 it can be seen that the aerodynamic properties of the aerofoil/fuselage, aspect 
ratio, wingspan and mass are the parameters that must be optimised to minimise the power 
required for level flight. 
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2.3  Mass Estimation 
The mass estimation model outlined in reference [2] was used as a guide for this step in the design.  
By estimating the individual masses of each component of the aircraft, the total mass of the aircraft 
can be estimated.  Each component of the total mass is outlined below. 
      :  The mass of the airframe which is related to configuration, wing span, aspect ratio and 
construction material.  This will be taken from the published specification of the aircraft to be 
assessed. 
     :  The mass of the propulsion group which consists of the motor, motor controller, gearbox 
and propeller is proportional to its peak power output and is estimated using  
                          (2.6) 
Where       is the mass to power ratio of the propulsion group measure in     .  As highlighted 
in reference [2] hand launch models need high start power to gain speed and altitude rapidly 
compared to aircraft taking off from a runway.  As the airframes to be considered all require hand 
launching the maximum power output of the propulsion group will be sized such that it is 12 times 
greater than the power required for level flight. 
                        (2.7) 
      : The mass of the solar array is the area of the array and the mass density of the cells and the 
encapsulation 
           (               )        (2.8) 
Where       is the mass density of the solar cells and         is the mass density of the 
encapsulation, both measured in      .  The total area of cells will be dependent on the total 
energy consumed during the day, and the total energy obtained from the array in the same period 
and is determined using the following formula: 
 
        
               
             
   (2.9) 
Where        is the area of the solar array in   ,             is the total power required to sustain 
level flight in watts,      is the period of the day in hours,     is the peak sun hours in        
   ,       is the efficiency of the solar cells, and       is the efficiency of the MPPT. 
     : The mass of the maximum power point tracker which is proportional to its maximum power 
throughput and is estimated using 
                                                    (2.10) 
Where       is the mass to power ratio of the MPPT in      and      is the maximum irradiance 
in     . 
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     : The mass of the battery which will be dependent on the required capacity and the energy 
density of battery 
 
       
     
     
 
                
     
  (2.11) 
Where       is the energy density of the battery and       is the battery endurance at level flight in 
hours. 
     : The mass of the receiver and control surface actuators which is considered a constant. 
        : For initial flights the payload mass will be the mass of a data logger, however this will be 
removed after testing and a navigation system, camera or other sensors could be added at a later 
date. 
Adding the component together gives the total aircraft mass 
                                                                         (2.12) 
2.4  Airframe 
2.4.1  Configuration 
A detailed explanation of the physics of aerodynamics and how a wing creates lift is not necessary 
for this report.  What is important is the physical attributes of the wing that affects its coefficient of 
lift and its coefficient of drag, the aspect ratio of the wing, and the parasitic drag of the fuselage as 
outlined in section 2.2. 
For these reasons it was decided that a powered glider or endurance model would be the style of 
model investigated for the project.  These models typically have very efficient aerofoil designs, high 
aspect ratios and high glide ratios.   
The typical model glider also has a sleek fuselage with a small cross sectional area.  The fraction of 
the total drag coefficient attributed to parasitic effects of the fuselage and tail,      is approximated 
at 0.01 for the conceptual design and is considered constant across all phases of flight.   
2.4.2  Aerofoil 
Aerofoil coordinates is a set of numbers that describe the shape of the 2D aerofoil and can be used 
to analyse its performance.  Some model aircraft manufacturers publish the aerofoil coordinates of 
their models, however some do not.  Therefore for the purpose of the conceptual design it was 
assumed that most aircraft to be considered would be of a similar performance and the coefficient 
of lift     is set at 0.7, and the coefficient of drag     set at 0.02 for a typical model glider.  As most 
models of this style have elliptical or semi-elliptical wing tips the Oswald’s efficiency factor was 
approximated at 0.9. 
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2.4.3  Structure 
Ideally Carbon/Kevlar fibre composite air frame would be used for the project due to airframes 
constructed from this material being very strong, rigid, durable and light.  However composite 
models are also very expensive, therefore a model constructed from balsa or foam would be the 
most likely choice due to budget constraints.  Construction material will have an impact on the 
structural weight which impacts directly on the power requirements for level flight, so structural 
weight was an important consideration in creating a short list of airframes.   
2.5  Propulsion 
The propulsion group converts electrical power from the power supply into thrust to maintain flight.  
It is made up of an electric motor, a motor controller, a gearbox and a propeller as shown in the 
schematic below.  Andre Noth’s “Sky-Sailor” achieved a       value of              [1].  Due to 
the fact that all components would be sourced commercially, budget limitations and time limitations 
a       value of            was used for the conceptual design calculations. 
 
 
 
 
 
 
 
Figure 2.2 Propulsion group schematic. 
2.5.1  Propeller 
The propeller is essentially a rotating wing that converts power from the drive shaft to thrust to 
propel the aircraft through the air.  It was selected so that it achieves maximum efficiency at level 
flight conditions.  However if a propeller is designed for maximum efficiency at a particular velocity, 
altitude and power, then all other phases of flight it will be less efficient.  This will be the case during 
take-off where rotational speed will be high and velocity low, but this will only occur for a short 
time.  A good propeller design for a specific velocity, altitude and power should yield an efficiency of 
80%.  As a propeller was selected and sourced commercially, a value for the propeller efficiency 
           of 70% was used in the conceptual design calculations. 
2.5.2  Motor 
Until recently permanent magnet, brushed DC motors have been the conventional motor used in 
electric powered radio control models.  However these motors have their disadvantages.  The main 
drawbacks are friction between the brushes and the commutator and excessive commutator 
sparking.  In the last 30 years small DC motors have been developed to do away with the 
commutator and brushes.  They use fixed windings and a permanent magnet rotor with a solid-state 
electronic switching circuit to electronically commutate the current in the windings. [5]  Such motors 
Motor Controller 
Brushless 
Motor 
Gearbox  Propeller 
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are called brushless DC motors and although they have been used in consumer products for decades 
their use in radio control models is more recent. 
For this project a brushless DC motor was selected from the market that best suits the requirements 
of the conceptual design.  The selection would be made from motors specifically designed to be used 
in radio controlled models.  Such motors are designed to have the highest power to weight ratio 
possible, and are constructed with high quality components.  They typically have 3 windings and 
anywhere from 2 to 14 poles depending on the desired torque and speed requirements.  The motor 
efficiency        was set at 85% for the conceptual design calculations. 
2.5.3  Motor Controller 
As stated above, the motor controller is a solid state electronic switching circuit that electronically 
commutates the current in the windings of the motor.  These controllers vary the speed of the 
motor by varying the voltage applied to the windings.  The motor controller was selected based on 
battery voltage and peak power output of the motor.  Controllers designed for model aircraft are 
typically very efficient and as such the controller efficiency              was set at 95% for the 
conceptual design calculations. 
2.5.4  Gearbox 
A gearbox is necessary for the project to reduce the high angular velocity of a small brushless DC 
motor to allow a lower velocity suitable for a high efficiency propeller.  The mass of the gearbox will 
need to be minimised.  A gearbox of a good design should have an efficiency of 95% which is the 
value used in the conceptual design calculations. 
2.6  Power Supply 
The power supply is made up of a solar array, a maximum power point tracker (MPPT), and a battery 
as shown in the schematic below. 
 
 
 
 
 
 
Figure 2.3 Power supply schematic. 
2.6.1  Solar Cells 
A solar cell is a device that generates direct current electric power from solar radiation.  The most 
common cell technology currently in use is the monocrystalline silicon cell.  This was the technology 
used to determine the necessary values for the conceptual design.  A       value of 0.5       was 
used to estimate the mass of the cells in a solar array.  A         value of 0.4       was used to 
estimate the mass of encapsulation material and wiring for the construction of the solar array.  
Efficiency of the solar cells       estimated at 16% for the conceptual design calculations. 
= 
= 
PV Array  Boost Converter 
(MPPT) 
Battery  
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2.6.2  MPPT 
A solar array produces its maximum current when a short circuit is applied at its terminals.  
Conversely a solar array produces its maximum voltage when an open circuit is present at its 
terminals.  These two extremes and the range of conditions between for a 10 cell array are depicted 
in figure 2.4 below.  This plot is known as an I-V curve.  No power is produced when the array is short 
circuited or open circuited, so the maximum power produced by the array is at the knee of the curve 
where the product of the voltage and the current are maximised.  This maximum power point is 
shown in figure 2.5 below.  To ensure the array is kept as close to this maximum power point an 
electronic device known as a maximum power point tracker (MPPT) is required. 
 
Figure 2.4 I-V curve of a Photovoltaic Array (10 cells in series) 
 
Figure 2.5 I-V Power curve of a Photovoltaic Array (10 cells in series) 
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An MPPT ensures that the maximum power possible is being drawn from the solar array at all times 
regardless of changes in atmospheric conditions and load.  They are made up of a DC-DC converter, a 
means to measure voltage and current, and a processor to implement a tracking algorithm.  From 
the measured voltage and current, the power can be calculated and by adjusting the gain of the DC-
DC converter the output voltage of the solar array can be altered to maximise power.   
An efficiency of 90% should be achievable with well selected components.  The mass to power ratio 
of MPPT       was set at 0.0008 kg/W as it was planned to construct the converter on a prototype 
board using through hole components.  If a custom board printed circuit board and surface mount 
components were used then this number would be reduced. 
2.6.2.1  Boost Converter 
Due to the small area of the array to be built for the glider, the output voltage is relatively low.  The 
typical operating voltage of brushless DC motors for radio controlled gliders is approximately 12V.  
For this reason the MPPT designed for this project adopted a boost converter topology.  An idealized 
schematic of a boost converter circuit is shown in fig 2.6 below.  The converter works by periodically 
opening and closing a solid state switch.  When the switch is closed fig 2.6(a) the diode in the circuit 
is reversed biased and switches off.  All the current supplied by the source flows through the 
inductor where energy is stored in a magnetic field.  When the switch is opened fig 2.6(b) the path 
back to the source is interrupted, the diode becomes forward biased, and the current is redirected 
to the load.  The stored energy in the inductor is released.  The duty cycle represents the fraction of 
time the switch is on divided by the period of the waveform applied to the gate of the switch.  If the 
duty cycle is increased, the output voltage increases and conversely if the duty cycle is decreased, 
the output voltage decreases.  
    
Figure 2.6 Boost DC-DC Converter [6] 
A boost converter is said to be in continuous conduction mode when the current through the 
inductor never falls to zero, and in this mode and at DC steady state operation the output voltage of 
the converter is related to input voltage and the duty cycle D by the following formula 
 
     
   
     
  (2.13) 19 
 
2.6.3  Battery 
As shown in the mass estimation the power requirement for climbing from launch is 12 times that of 
the power required for level flight.  To size an array for this power output would be impracticable as 
the array would be designed for a peak demand that lasts a very small percentage of the total flight 
time.  Secondly, when the model is cruising in good light conditions and/or at low throttle settings 
the array will be forced away from its maximum power point.  By placing a battery between the 
MPPT and the motor controller both these problems can be addressed.  The battery can supply the 
necessary current for a short burst of power required for the climb from launch, and when the 
power produced by the array is greater than the demand of the power train then this power can be 
stored by charging the battery (this is limited by the capacity of the battery).  This will maximise the 
harvest of available solar radiation. 
 
A Lithium Polymer battery was selected as they are cheap, and readily available in a range of 
voltages and capacities.  They are used extensively in model aircraft and have higher discharge rates 
than other technologies which come at the expense of energy density.  The typical energy density of 
Lithium Polymer batteries designed for radio control aircraft is in the vicinity of           and this 
value was used for the conceptual design calculations.  The battery endurance was set at 1 hour at 
level flight. 
2.7  Total power  
Total electrical power required from the solar array for level flight is calculated using 
 
             
 
                                        
                (2.14) 
Power consumption of the payload is considered negligible.  
2.8  Conceptual Design Results 
Once the conceptual design model was complete it was used to assess various airframes for their 
suitability.  The tables below outline the parameters used in the model.  Table 2.1 represents the 
parameters that are regarded as constant for the technologies selected for the design, i.e. airframe 
configuration, efficiency of the propulsion group, etc.  Table 2.2 represents the parameters that are 
determined by the mission to be flown, i.e. payload, cruise altitude, time of year, and endurance.  
Lastly Table 2.3 represents the parameters of the airframe to be analysed, i.e. the aspect ratio, 
wingspan, and structural mass.  Using this method the performance and viability of different models 
can be analysed and compared very quickly. 
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Parameter  Value  Unit  Description 
            Aerofoil lift coefficient 
              Aerofoil drag coefficient 
              Parasitic drag coefficient 
           Oswald’s efficiency factor 
                  Maximum irradiance 
                   Energy density of battery 
                    Mass density of solar cells 
                      Mass density of encapsulation 
                     Mass to power ratio of MPPT 
                    Mass to power ratio of propulsion group 
                 Mass of control gear 
                Efficiency of solar cells 
                      Efficiency of motor controller 
                    Efficiency of gearbox 
                 Efficiency of motor 
                Efficiency of MPPT 
                     Efficiency of propeller 
               Power consumption of control gear 
Table 2.1 Design Constants 
Parameter  Value  Unit  Description 
                    Payload mass 
                 Air density (sea level) 
                      Peak sunlight hours 
               Day duration 
             Battery endurance (level flight) 
Table 2.2 Mission determined parameters. 
Parameter  Value  Unit  Description 
             Aspect ratio 
            Wingspan 
                   Airframe mass 
Table 2.3 Airframe determined parameters (EasyGlider shown). 
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3  Preliminary Design 
3.1  Airframe  
3.1.1  Airframe Selection 
Many models where considered during the selection of the airframe.  Several models were 
shortlisted to be analysed using the method outlined in Section 2.  Below is a sample comparison of 
three airframes that were considered. 
  EasyGlider  Sprite  Cularis 
Aspect ratio  7.80  10.92  12.40 
Wingspan (m)  1.80  2.00  2.61 
Wing area (m2)  0.416  0.365  0.550 
Structural mass (kg)  0.550  0.678  1.021 
Total mass (kg)  0.938  1.15  1.62 
Level flight power (W)  4.94  6.30  8.20 
Total electrical power (W)  11.2  14.0  18.0 
Propulsion peak power (W)  59.2  75.6  98.4 
Solar array area (m2)  0.138  0.172  0.221 
Area ratio solar/wing  0.33  0.47  0.40 
Battery capacity (Wh)  11.2  14.0  18.0 
Construction Material  Foam  Composite  Foam 
Airfoil  Not published  Ag40/41/42/43  Not published 
Price  $61.60  $751.00  $203.00 
Table 3.1 Airframe comparison 
The Easyglider manufactured by Multiplex was selected as it was the best compromise of all the 
selection criteria and is shown below.  It is a radio controlled sailplane that can be flown as a glider 
or as a powered model.  Its airframe is made from a type of foam called elapor, which is similar to 
expanding polypropylene (EPP) [7].  Its control surfaces are aileron, elevator and rudder.  The aileron 
servos are mounted in recesses moulded into each wing and the elevator and rudder servos are both 
mounted in the fuselage and use control rods to actuate their respective control surface on the tail 
of the model.  There is ample room in the fuselage for installing the battery, MPPT and control gear. 
Contrary to the assumption made in the conceptual design that a composite model would be the 
lighter option, the mass of the Easyglider is comparable to a composite model of a similar size.  The 
other advantage is that the foam models are much cheaper than an equivalent composite model. 
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Figure 3.1 Multiplex Easy Glider Pro [8] 
 
Table 3.2 below shows the detailed results of the analysis of the Easyglider using the mass 
estimation/power balance method outlined in Section 2.  The values in this table were used in the 
selection of the propulsion group components, the selection of the battery, and the design of the 
solar array and MPPT. 
Parameter  Value  Unit  Description 
             Aspect ratio 
            Wingspan 
              Wing Area 
                   Airframe mass 
               Induced drag coefficient 
              Total drag coefficient 
                  Propulsion group mass 
                   Propulsion group peak power 
                   Solar array mass 
                  MPPT mass 
                  Battery mass 
                   Total mass 
                 Level flight power 
                       Total power 
                   Solar array area 
                   Area ratio solar array to wing 
                 Battery Capacity 
Table 3.2 Detailed design calculation results for easyglider. 
 
 
 
 23 
 
3.1.2  Airframe Construction 
The multiplex Easyglider was assembled as per the instructions in the construction manual supplied 
with the model [8].  The foam parts were glued together using cyano-acrylate glue.  Slight filing of 
the motor mount was required to accommodate the bolt pattern of the gearbox.  The control 
surface travels were set to the recommended values. 
Weights meant to be installed in the tail of the model were not installed.  These weights are meant 
to help balance the model due to the recommended setup comprising a heavy motor and battery 
being mounted forward of the wing.  As the propulsion group and battery used would be lighter 
than the recommended setup, and the mass of the solar array would be centred on the wing, the 
weights were not installed. 
3.2  Propulsion 
From the conceptual design the target mass of the propulsion group was 120 grams with a peak 
power output of 60W.  As the selection of each component in the propulsion group has to 
compliment the others, the motor, motor controller, gearbox, and propeller were selected at the 
same time.  Preliminary investigation into the system components was done using MotoCalc 8 [9].  
MotoCalc 8 is a computer program distributed by Capable Computing, Inc. which simulates and aids 
in the selection of electric flight power systems for radio controlled aircraft. 
MotoCalc 8 has an extensive database of motors, motor controllers, propellers, gearboxes, and cell 
types.  The “lift and drag coefficient estimator function” within Motocalc 8 was used to estimate the 
aerodynamic properties of the wing and fuselage.  Lastly the “In-flight predictions” function was 
used to access different propulsion group combinations.  This mode gives amongst other data 
predictions of power, efficiency, thrust, and optimal level flight speed.  Details of the selection of 
each component are below. 
3.2.1  Propeller Selection 
From the simulation runs using MotoCalc 8, it was determined that an 18x19 propeller would have 
the best efficiency at the required airspeed and thrust.  An 18x19 carbon folding propeller was 
sourced from R. Freudenthaler Modellbau (RFM).  Due to the fact that MotoCalc 8 uses a relatively 
simple propeller model it was decided that more accurate efficiency calculations would be 
completed using QPROP and is outlined in section 4.2.  These calculations could not be completed 
until the propeller was purchased as detailed propeller geometry needed to be measured.  
It was decided that the folding propeller blades would be mounted to a multiplex 55mm 
hub/spinner assembly.  This assembly was heavier than desired at 37 grams, however due to the 
need for it to be 55mm in diameter no lighter alternatives could be found.  A smaller diameter 
spinner could have been used, however this would have interfered with the aerodynamics of the 
fuselage. 
3.2.2  Motor Selection 
Using the motor database in MotoCalc 8 and simulation results a short list of motors was made.  
Next the price and availability of the short listed motors was investigated.  The 16/7/17 
manufactured by Mega Motor was selected as it was considered the best compromise.  It is an 
electronically commutated brushless DC motor with 6 poles.  It has a very low motor velocity 24 
 
constant    rating for an in-runner motor of this size.  It has high efficiency and its operating voltage 
and current lie in the target range. 
Property  Value  Units 
Voltage range  0 – 12.6  V 
Weight    51.03  G 
No Load RPM (  )   980  rpm/V 
Max current   5 A  A 
Internal resistance ( )   308     
Maximum efficiency   88  % 
Number of pole   6  - 
Table 3.3 Motor Specifications 
3.2.3  Motor Controller Selection 
The Schulze future-9.12ek was selected to control the speed of the motor.  It is designed for an input 
voltage of 7.4V to 12.6V and has a continuous current rating of 12A.  The current rating is higher 
than required but will ensure reliability.  Even with a high current rating this controller only weighs 8 
grams.  It is a microprocessor controlled unit developed and manufactured in Germany, designed for 
sensorless brushless DC motors.  Efficiency of these controllers is typically better than 95%.  The 
controller also has a built-in 5V output step down regulator.  This regulator can supply 2A 
continuously and will be used to power the receiver and control surface actuator. 
3.2.4  Gearbox Selection 
During the search for a commercially available gearbox it quickly became clear there was a limited 
choice.  The Kontronik KPG25 5.2:1 reduction Planetary Gearbox was selected due to its reduction 
ratio being very close to the desired value and ease of adaption to both the motor and the propeller 
spinner (adaptor plate available for the motor and a 5mm output shaft).  The KPG25 is a very high 
quality unit with needle bearings on the planetary gears and an oil-filled design.  However due to it 
being designed to handle much higher power ratings than the project calls for it is heavier than 
desired at 50 grams. 
3.3  Power Supply 
3.3.1  Solar Cells Selection 
Important factors in the selection of solar cells were power output, efficiency, thickness, weight, 
price and ability to bend to the curve of the wings’ aerofoil.  Many cells were researched with many 
being very well suited for the application.  However although the newer technology cells are light, 
thin and very efficient, the limiting factor is price.  The type S32 cell manufactured by Azur Space and 
used on the Sky Sailor [1] were quoted at 200 €/watt from the manufacturer.  Mono-crystalline 
silicon cells were selected as the technology is much more mature, and the cells are cheaper, 
relatively light, thin, and have good efficiency.  Standard 125 mm x 125 mm cells were selected as 
they were a good fit for the chord of the wing. 
The cells used are the JS-125M produced by the Zhejiang Topoint Photovoltaic Co.  Data for these 
cells can be viewed in Appendix A.  The mass and efficiency of these cells was very close to the 
values used for the conceptual design calculations. 25 
 
 
Figure 3.2 Bare JS-125M solar cell 
3.3.2  MPPT Design 
The design of the MPPT was based on “Design of MPPT and battery charger, Version 5” by André 
Noth [10]. 
3.3.2.1  Input 
Voltage coming from one of the individual solar cells was approximated to be between 0.4V and 
0.6V with a nominal value of 0.5V. 
                                (3.1) 
 
                                (3.2) 
 
With the number of cells in series,           , the array voltage will be between approximately 4V 
and 6V with a nominal value of 5V. 
3.3.2.2  Output 
The Lithium Polymer battery has a nominal voltage of                 .  Lithium polymer cells have 
very strict upper and lower voltage limits.  If these limits are passed, the cells are permanently 
damaged.  The minimum voltage per cell          is 3.0V and the maximum voltage          is 4.2V. 
                               (3.3) 
 
                               (3.4) 
 
With the number of cells in series,          , the minimum and maximum voltage allowed across 
the battery terminals is 9V and 12.6V respectively. 
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3.3.2.3  Maximum Charge Current 
The maximum power of the array       can be calculated by 
                                (3.5) 
  
The array consists of 10 cells each with a peak output of 2.5 W.  Therefore the maximum power from 
the array is 25 W.  The maximum charge current            can be calculated by using the 
relationship between           and          
 
            
     
        
  (3.6) 
 
This gives a maximum charge rate of 2.78 amps.  The battery is rated for a charge rate up to 5 amps 
so is well within capabilities. 
3.3.2.4  Microcontroller 
The PIC16F88 was chosen to control the gain of the DC-DC converter and to implement the MPPT 
algorithm.  The PIC16F88 is an 18 pin microcontroller manufactured by Microchip Technology and 
uses their nanoWatt technology.  It has an internal 8Mhz oscillator but will operate at a clock speed 
of 20MHz through the use of an external oscillator.  A target PWM frequency of 100kHz was desired 
for converter efficiency and to keep component size small. 
The maximum PWM resolution for a given frequency is given by  
 
            
   (      
     
)
   ( )
      (3.7) 
 
This gives a resolution of 7.644 bits or              steps which is sufficient. 
3.3.2.5  DC-DC Converter 
 
Figure 3.3 Boost Converter Schematic 
The converter circuit topology is based on a boost converter.  The required values for the circuit 
components were selected using the following equations. 
The required duty cycle is given by 
 
       
      
     
  (3.8) 
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The equivalent load resistance of the battery is given by 
 
       
     
 
         
 
 
(3.9) 
The average inductor current is given by 
 
    
     
     (     )
 
 
(3.10) 
To minimize losses, inductor current ripple cannot exceed 15% 
                  
  (3.11) 
Output voltage ripple is not to exceed 1% 
                       
 
(3.12) 
The required inductor value is determined using 
 
   
               
   
 
 
(3.13) 
The output capacitor value is determined using 
 
    
              
             
 
 
(3.14) 
These equations were entered into an Excel spread sheet.  The results of these calculations are 
shown in table 3.4 below.  Components for the converter were selected with standard values as 
close to these calculated values as possible.  
Property  Value  Units  Description 
                               
                                
                       
                              
                                           
                              
                                       % 
                                      
                                        
                                     
                           
                         
                        
                         
Table 3.4 DC-DC Converter Values 
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3.3.2.6  MPPT Algorithm 
The MPPT algorithm implemented in this project is shown in figure 3.4 below and is commonly 
called the hill climbing method of tracking the maximum power point of the solar array.  The method 
of operation is as follows.  The voltage and current of the output of the converter is sampled.  From 
these measurements the power can be calculated via multiplication.  This power is compared to the 
power calculation from the previous measurements of voltage and current.  If the new power is 
greater than the previous power, then on the solar array power curve we are climbing up towards 
the maximum power point.  If the new power is less than the previous power then we are moving 
away from the maximum power point. 
 
We now know if we are moving towards or away the maximum power point, however we do not 
know if we are on the left or right hand side of the power curve.  To determine this, the next step is 
to check if the duty cycle of the converter was increased or decreased in the previous iteration of the 
algorithm.  If the power is increasing and the duty cycle was increased in the previous iteration we 
know that we are on the right hand side of the maximum power point climbing towards it and the 
duty is increased again.  If the power is increasing but the duty was decreased in the previous 
iteration we know that we are on the left hand side of the maximum power point climbing towards it 
and the duty is decreased again. 
 
Now, if the power is decreasing and the duty was increased in the previous iteration we know that 
we are on the left hand side of the maximum power point and moving away from it and the duty 
needs to be decreased.  Finally if the power is decreasing and the duty was decreased in the 
previous iteration we know that we are on the right hand side of the maximum power point and 
moving away from it and the duty needs to be increased. 
 
In unchanging atmospheric conditions this method of tracking results in the converter oscillating 
around the maximum power point.  However if the step size of the duty is small this has a small 
effect on overall efficiency. 
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Figure 3.4 MPPT Algorithm Flow Chart. 
3.3.3  Battery Selection 
The conceptual design stipulated that peak power demand from the power supply would be 59.2 W 
and the required battery capacity was 11.22 Wh.  Using this information and the fact that a battery 
energy density value of 140 Wh/kg was used in the design calculations, a search was conducted for a 
suitable battery.  The Turnigy nano-tech 3 cell 1000mAh battery was selected.  It has a capacity of 
11.1 Wh and weighs 80.75 g giving an energy density of 137 Wh/kg.  It has a rated continuous 
discharge of 300 W and a maximum charge rate of 5A. 
3.4  Flight Control    
To control the glider from the ground a flight control system is required.  This includes a radio 
transmitter, a radio receiver, and servo motors to actuate the control surfaces.  The selection of 
these components is outlined below. 
Yes 
Yes 
No 
Yes 
Duty 
increasing 
              
      
           
             
            + 1  
             
No 
              Duty 
increasing 
                
No 30 
 
3.4.1  Radio Transmitter 
The radio transmitter used for the project is the Spektrum DX7.  The DX7 is a 7 channel radio 
although only 4 channels are required for the glider.  It transmits on the 2.4 GHz industrial, scientific 
and medical (ISM) radio band. 
3.4.2  Radio Receiver 
The Spektrum AR700 receiver was selected and is designed to work in conjunction with the 
Spektrum DX7 transmitter.  It decodes the signal from the transmitter and generates a PWM signal 
to send to each servo motor. 
3.4.3  Control surface actuators 
There are four separate control surfaces on the glider, two ailerons (one on each wing) and the 
elevator and rudder on the tail.  Each of these control surfaces requires a servo motor.  Servo 
motors, which are often referred to as just servos, convert a PWM signal to an angular movement.  
They contain an electric motor, circuitry to read the PWM signal and drive the motor, a gear train, 
and a potentiometer for feedback of output shaft position.  For the ailerons the Ripmax SD100 
micro-servo was used which can supply up to 1.10 kg-cm of torque with a 4.8V supply and weigh 
4.7g each.  The elevator and rudder use the Hitec HS-81MG which supply up to 2.6 kg-cm of torque 
with a 4.8V supply and weigh 19g each. 
 
Figure 3.5 Hitec HS-81MG servos for elevator and rudder (left) and Ripmax SD100 servo for right aileron (right). 
3.4.4  Control Power Consumption 
Most commercial radio control receivers and servo motors are designed to operate on a voltage 
between 4.8V and 6V as is the case with the selected receiver and servo motors.  As the battery 
voltage varies between 9V and 12.6V a step down converter is necessary.  The Schulze future-9.12ek 
motor controller has a built in step down converter known as a battery eliminator circuit (BEC).  It 
has an output of 5V and can supply up to 2A, although there is no data on its efficiency.  It was 
decided to utilize the BEC to power the flight controls rather than gaining the added weight of a 
separate step down converter. 
The conceptual design predicted a control power consumption of 1W.  Measured control system 
power was 1.3W.  This measurement was taken with all servo motors idle.  To make changes in 
course the pilot will have to give control inputs and, depending on the atmospheric conditions, 
control inputs will be required to correct for wind.  These inputs will increase the current drawn by 31 
 
the servos and increase the average control power consumption.  To account for this the average 
power consumption is estimated at 1.5W.  This is 50% more than predicted in the conceptual design. 
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4  Detailed Design 
4.1  Airframe 
4.1.1  Analysis of Aerofoil  
As previously stated aerofoil coordinates is a set of numbers that describes the shape of the 2D 
aerofoil and can be used to analyse its performance.  To perform more detailed calculations to 
determine the power requirements of the Easyglider for level flight, aerofoil coordinates were 
required.  The manufacturer of the Easyglider, Multiplex, does not publish coordinates for the 
aerofoils used in their models.  Therefore coordinates were created from the wing cross section.  A 
wing was cut and the cross section scanned to an image. 
 
Figure 4.1 Easyglider wing cross section 
From this cross section a set of coordinates was created that numerally described the shape of the 
2D aerofoil.  The coordinates were passed to XFOIL for analysis.  XFOIL is a computer program for the 
design and analysis of subsonic isolated aerofoils developed by Dr Mark Drela of MIT [11]. 
A combined polar diagram of the aerofoil was created and can be found in appendix B.  Combined 
polar diagrams are the standard method of graphing results of aerofoil tests.  The two polars of 
interest here are the drag polar that plots the coefficient of lift against the coefficient of drag, and 
the lift polar that plots the coefficient of lift verses the angle of attack. 
To determine the minimum thrust required for level flight and the trim condition (angle of attack of 
the wing) at which this occurs, the power factor of the aircraft had to be calculated.  The power 
factor is the ratio of   
    to   , and the minimum rate of descent occurs when this ratio is at its 
maximum.  [4]  Figure 4.2 shows the power factor versus angle of attack.  From figure 4.2 it can be 
observed that the power factor is at its maximum when the angle of attack is approximately 6 
degrees.  This would be the trim condition for minimum power to maintain altitude.  However in 
reality it is not practical to fly so close to the stall speed of the airframe.  By decreasing the angle of 
attack to 4 degrees, there will be some margin before stall. 33 
 
 
Figure 4.2 Graph showing maximum power factor of wing 
Next Xfoil was used to determine the coefficient of drag and lift at an angle of 4 degrees.  Figure 4.3 
shows the analysis of the Easyglider’s aerofoil at an angle of attack of 4 degrees.  The resulting 
coefficient of lift and coefficient of drag are displayed in the top right hand corner.  The aerofoil 
cross section is shown at the bottom of the figure with the boundary layer outlined around it.  The 
plot in the middle of the figure displays the pressure distribution around the aerofoil. 
 
Figure 4.3 Aerofoil performance at 4 degree angle of attack 
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Finally the calculated values of    and    were used to determine the power requirements for level 
flight.  Using equation 2.4 from section 2.2 and a value of 0.9 to approximate the Oswald’s efficiency 
factor of the wing, a value of 0.027 was calculated for the induced drag coefficient. 
 
Using equation 2.3 from section 2.2 and a value of 0.01 to account for the parasitic effects of the 
fuselage and tail, the total drag coefficient for the airframe was calculated to be 0.055. 
 
Work on the glider to this point suggested that the final flying mass would be closer to 1000g 
compared to the 940g calculated in the conceptual design phase.  Using this value and equation 2.5 
from section 2.2 the power required for level flight is 4.90 Watts.   This compares well to the 4.94W 
predicted by the conceptual design.  This occurs at a velocity of 7.03 m/s and a thrust setting of 
0.697 N. 
4.2  Propulsion  
 
 
Figure 4.4 Propulsion group 
The propeller selection was based on analysis of a range of propeller diameter and pitch 
combinations using MotoCalc 8 as outlined in section 3.2.  However programs such as MotoCalc use 
simple generic propeller and motor models.  To accurately test the efficiency of the propeller and 
motor at cruise speeds a wind tunnel would be required.  As access to a wind tunnel was not 
available it was decided that QPROP would be used to accurately determine the efficiency of the 
selected combination.  QPROP is a computer program for the analysis of propeller-motor 
combination developed Dr Mark Drela of MIT [12]. 
QPROP requires an input file with a detailed description of the propeller geometry and blade aerofoil 
characteristics.  As this data is not published by the manufacturer of the propeller, it was obtained 
by taking non-destructive measurements from the propeller.  The procedure outlined in reference 
[13] was followed to create the input file for QPROP.  The chord and blade angle were measured at 
various radial locations along the propeller blade from the root to the tip.  To determine the 
aerodynamic properties of the propellers’ aerofoil, a set of coordinates was created from the 
propellers’ aerofoil at a radius station 80% along its length.  The aerofoil coordinates were then 
passed to Xfoil where type 1 polars were computed.  A parabola was fitted to the drag polar and a 35 
 
straight line was fitted to the lift curve and the aerodynamic values were determined from these 
plots to create the propeller input file as detailed in reference [13]. 
 
QPROP also requires a motor input file to detail the characteristics of the motor.  The values used for 
the motor input file were taken from the manufacturer’s specifications.  The drag polar, lift polar, 
propeller input file, and motor input file can be found in appendix C. 
  
Once the input files were created they were passed to QPROP.  A single point run was performed for 
a velocity of 7.03 m/s and a required thrust of 0.697 N as determined in section 4.1.1.  QPROP 
determined the required shaft power at the output of the gearbox to be 5.96W at 1193 RPM.  This 
gives a propeller efficiency of 82.2% which is greater than predicted in the conceptual design.  The 
electrical power consumed by the motor is 8.70W giving a motor efficiency of 68.6%.  This is lower 
than predicted in the conceptual design, but can be attributed to the fact that the motor is operating 
outside its current range for maximum efficiency. 
 
Using equation 2.7 from section 2.1.4 the total electrical power required for level flight was 
calculated to be 11.7 W which compares well to the 11.2 W predicted in the conceptual design. 
 
4.3  Power Supply 
4.3.1  Solar Cells  
From the outset of the project there were concerns around difficulties in tabbing and encapsulating 
solar cells for the array.  These concerns were soon realised.  Tabbing and encapsulating the solar 
cells is a skilled task and there is a high chance of mistakes and breakages especially when starting 
out.   All the first batch of cells was damaged during initial tabbing and encapsulation attempts, 
however lessons were learned and an effective procedure was developed. 
Solar cells were tabbed with 0.10mm x 2.00mm tabbing wire.  Firstly the soldering pads on the back 
of the solar cells were coated with rosin flux using a flux pen.  Strips of the tabbing wire cut to length 
were then soldered to the pads using a 60% tin, 40% lead solder.  The cell was turned and the 
process was repeated with the bus bars on the front of the cells. 
Best results were achieved using a high wattage soldering iron (at least 65 watts) and a chisel tip.  It 
was also found that the wire needed to be soldered to the bus bars in one pass.  Stopping and 
starting created high spots of solder and this could lead to the cell cracking during the encapsulation 
process. 
 
Figure 4.5 Tabbing and encapsulation of solar cells 36 
 
The encapsulation is required to keep moisture out and provide good mechanical protection for the 
extremely fragile cells without adding considerable mass to the array.  To achieve this, the cells were 
encapsulated between two sheets of      plastic using a hot laminating machine.  Original 
encapsulation material had a gloss finish which was found to be too reflective.  A non-reflective 
replacement was sourced. 
Solar cells are very fragile when bare.  Their silicon construction means they are like thin wafers of 
glass and are brittle.  However they are much more workable once the encapsulation process is 
completed.  The encapsulation material once bonded to the cells spreads forces evenly across the 
surface of the cell and allows the cells to be bent through slight curves without breaking. 
Excess laminating material of approximately 10mm was allowed on the side of the cell that would be 
facing the leading edge of the wing.  This material made it easier to glue the cells to the wing surface 
aiding in solar cell integration to the wing and minimising array effects on wing aerodynamics. 
The mass of the bare solar cell is 6.85 grams and after tabbing and encapsulation the mass is 11.50 
grams. 
4.3.2  Solar Array 
The first step in constructing the array was to determine the number of cells required.  The 
conceptual design specified a solar array area of        .  Each 125mm x 125mm cell has an area of 
approximately        , therefore 10 cells will be used to give a total solar array area of       .  It 
was determined it would be possible to fit 10 cells on the wing without the need to cut or reshape 
the cells. 
To attach the solar cells to the wing, the first job was to sand flat the raised nipples on the wings’ 
upper surface with 400 grit sandpaper.  These nipples are created during the manufacturing process 
when the foam is moulded into the shape of the wing.  Next 0.5mm X 5.0mm bus wire was laid down 
the length of each wing as a return path for the solar array as shown in figure 4.6(a).  Next the 
encapsulated cells were attached to the wing however problems were encountered in initial 
attempts.  Thin double-sided tape was used however it had insufficient adhesive properties, and the 
cells lifted away from the wing surface. 
The final method for attaching the encapsulated cells to the wing was to glue them in place with 
cyanoacrylate glue.  The cells were held in place with masking tape while the glue dried as shown in 
figure 4.6(b).  The positive tabbing wire of the next cell was then soldered to the negative tabbing 
wire of the cell already in place on the wing and then glued in place.  This process was repeated until 
five cells were mounted on each wing half as shown in figure 4.6(b).  The last cell was electrically 
connected to the bus wire running under the cells to complete the circuit.  Lastly multi-strand 
flexible wire was connected to the positive and the negative with a polarised plug for easy 
connection and disconnection of the wing and the array to the fuselage. 37 
 
 
(a)                     (b)             (c) 
Figure 4.6 Solar array construction 
Figure 4.7 below shows the two wings together and the completed 10 cell array. 
 
Figure 4.7 Completed wing and array 
 
To determine the final mass of the solar array the wing was weighed before and after the installation 
of the array.  Before work began on the array both wing halves weighed a combined 273.9 grams.  
When reweighed after adding the array the mass of both wing halves was 416.1 grams.  This gives an 
array mass of 142.2 grams which includes wiring and plugs.   This is 15% more than the 124 grams 
predicted for the mass of the array in the conceptual design.  
4.3.3  MPPT 
A schematic diagram of the final MPPT can be found in appendix A.  Design and selection of 
components is outlined in the following sections. 
4.3.3.1  Inductor 
Selection of the inductor was based on the required inductance value and the saturation current.  
The Coiltronics DR127-470-R was selected.  It is a ferrite core, magnetic shielded power inductor 
with a rated inductance of 47uH, saturation current of 5.28A and DC resistance of 0.0719 ohms. [14] 
4.3.3.2  Input and Output Capacitors 
Panasonic FM series aluminium electrolytic capacitors were used for the input and output capacitors 
of the converter.  The FM series is Panasonics’ series of low ESR electrolytic capacitors with a 
temperature range of -40  to +105 .  A 10V, 100   was used on the input and a 25V 100   was 
used on the output of the converter. 
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4.3.3.3  Power Switch 
The selection of the power switch for the converter was based on the following criteria: 
  N-Channel Logic level MOSFET (switch with 5V gate signal) 
  Rated drain-to-source voltage of 30V 
  Continuous drain current of minimum 5 amps 
  Low on resistance (     ) 
  Very fast switching (low    and    times) 
  Low gate charge to minimise peak gate charge/discharge current 
  TO-220 Package for through hole board 
Reference [15] was used to select a suitable N-Channel MOSFETs and the International Rectifier 
IRF3707Z was chosen due to its best overall mix of characteristics.  Although its current rating is 
higher than required, the IRF3707Z has low on resistance, low gate charge and fast switching times. 
Property  Value  Units  Description 
             Drain-source voltage 
               Continuous drain current at     
                Continuous drain current at      
                 Total power dissipation 
                On state resistance 
             Total gate charge 
               Turn-on delay time 
            Rise time 
               Turn-off delay time 
             Fall time 
Table 4.1 MOSFET Properties. [16] 
4.3.3.4  MOSFET Driver 
Power MOSFETs by design have capacitance between the gate and the other terminals.  The effect 
of this is that when the pulse to the gate terminal arrives, it must first charge this capacitance before 
the gate voltage can reach the supply rail voltage.  The circuit that drives the gate terminal should be 
capable of supplying a reasonable current so the capacitance can be charged up as quickly as 
possible. The output pin of the PIC16F88 can only supply a maximum of 25mW [17] so the Microchip 
Technology TC4427A MOSFET driver was selected to drive the MOSFET.   
 
A problem introduced by the MOSFET driver is that the high frequency components of the gate 
current have high peak values.  If there is any parasitic inductance in this network then the high rate 
of change in the current will cause voltage spikes on the ground.  This has been minimised through 
the use of two bypass capacitors across the supply input (VDD) and the ground pin.  The ground of 
the MOSFET driver was also tied directly to the source of the MOSFET to confine the high frequency 
gate drive current to a small loop. 
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4.3.3.5  Diode 
Schottky diodes are the most common diodes used in DC-DC converters operating at very low 
voltage and high switching frequencies.  Schottky diodes have a forward voltage drop of between 0.3 
to 0.5V compared to approximately a volt for conventional p-n junction diodes which reduces 
conduction losses.  Schottky diodes also switch extremely fast leading to negligible switching losses 
[6].   
The STMicroelectrics STPS10L25D Schottky diode was selected for the converter and its 
characteristics are shown in table 4.2 below. 
Property  Value  Units  Description 
  (  )         Average forward voltage 
             Repetitive peak reverse voltage 
             Forward voltage drop 
Table 4.2 Diode Properties. [18] 
4.3.3.6  Voltage Measurement 
The output of the converter will be measured with a resistive voltage divider.  The maximum output 
voltage is 12.6 V.  The analogue to digital converter (A/D) built into the PIC16F88 will be configured 
for a reference voltage of 5V.  The output voltage will have to be scaled down by a factor of 1/2.5 
before it is passed to the A/D input pin.  To minimise power consumed by the voltage divider 
network, resistors with highest possible ohmic values were used.  The maximum recommended 
impedance for analogue sources on the PIC16F88 is 10 kΩ [17]. This is required to meet the pin 
leakage specification.  Preferred values of 10kΩ and 27 kΩ give a voltage divider with a scale down 
factor of 1/2.7 and the network is shown in figure 4.8 below. 
 
Figure 4.8 Voltage Measurement Network. 
4.3.3.7  Current Measurement 
The output current of the converter is measured by using a shunt resistor.  The voltage drop across a 
very low ohmic shunt resistor is amplified by a current sense amplifier and fed to one of the 
analogue in pins of the PIC16F88 microprocessor. 
 
A      current sense resistor and the Maxim MAX4080SASA+ Current Sense Amplifier were 
selected.  The MAX4080 is a high-side, current-sense amplifier designed for unidirectional current-
sense applications.  It has a gain of 60V/V, operates from a 4.5V to 76V single supply,  draws 75μA of 
supply current, and was sourced in a 8-pin SO package. [19] 40 
 
Due to noise across the current sense resistor a differential filter was added to the inputs and this 
greatly improved the quality of the output of the amplifier. 
 
Figure 4.9 Current Measurement Network. 
4.3.3.8  Step down Regulator 
A 5V step down regulator is required to power the microcontroller and current sense amplifier.  The 
National Semiconductor LM78L05, 5 volt, 3 terminal positive regulator was selected in a TO-92 
package.  The LM78L05 has a rated output current of 100mA, has thermal overload protection and 
internal short circuit protection. [20] 
 
Figure 4.10 Step down regulator circuit 
4.3.3.9  Power Losses 
The original target efficiency was 90%.  The low voltage and high current of the solar array leads to 
high conduction losses in the converter, particularly in the inductor and diode. 
Conduction losses in inductor 
                    (  )
             
 
(4.1) 
The winding resistance of the inductor is 0.0719 ohms which gives power loss of 1.15W at 4A. 
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The conduction losses in the MOSFET can be approximated by 
            (  )
              
 
(4.2) 
Where       is at the maximum operating on resistance.  This gives conduction losses of 66mW at 
4A and 55% duty cycle. 
The MOSFET switching losses can be approximated by 
                                 (       )     (  ) 
 
(4.3) 
Where the rise time    and the fall time    of the MOSFET is      and       respectively.  This gives 
switching losses of 99mW at 4A and 100kHz. 
The power loss due to charging of the gate is approximated by 
                          
 
(4.4) 
Where the total gate charge    of the MOSFET is      .  This gives gate losses of 10.8mW at 
100kHz. 
                                       
 
(4.5) 
Therefore total losses in the MOSFET are approximately 176mW. 
Diode conduction losses are given by 
                 (  )   (     )      
 
(4.6) 
The forward voltage drop    of the diode is      .  This gives losses of 0.77W with an average 
inductor current of 4A and duty cycle of 0.55. 
Power losses in the voltage measurement network are given by 
 
       
     
 
 
 
 
(4.7) 
Giving losses of 3.33 mW. 
Power losses in the current measurement resistor are given by 
            (  (  )   (     ))
 
     
 
(4.8) 
Giving losses of 32.4 mW at 1.8A output. 
Total losses come to 2.13W.  These calculations only apply when the converter is in continuous 
conduction mode. 
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4.3.3.10 Efficiency  
With the total losses in the converter calculated the efficiency can be determined by 
 
       
    
   
 
           
   
 
 
(4.9) 
This gives a calculated efficiency of 89.3% which is very close to the 90% efficiency assumed in the 
conceptual design. 
4.3.3.11 Prototyping 
Once the circuit was designed the selected components were sourced from X-on Electronic Services.  
A first prototype was built to investigate the behaviour of the circuit.  A trim pot was incorporated 
into this first prototype with its centre tap connected to a spare analogue input.  Using simple test 
code this pot was used to adjust the duty cycle of the PWM waveform for testing the function of the 
DC to DC converter. 
The board was then used to develop and test the code to implement the MPPT algorithm.  A zero 
insertion socket (ZIF) was used so that the microcontroller could easily be removed for 
programming.  The first prototype is shown figure 4.11 below. 
 
Figure 4.11 First MPPT Prototype 
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Voltage and current sense inputs to the microcontroller were viewed on an oscilloscope to check for 
noise.  The voltage sense input was satisfactory however the current input had a high frequency 
waveform present.  A differential filter was added to the input of the MAX4080 amplifier which 
solved this problem.  The gate voltage of the MOSFET was viewed and excessive ringing was noticed 
during switching.  A 10 ohm gate resistor was added between the MOSFET driver and MOSFET gate 
to slow the charging of the gate and this reduced the ringing.   
The MOSFET driver ground pin was connected directly to the MOSFET source.  This reduced voltage 
spikes on the ground which appeared to be from the high frequency currents associated with 
charging and discharging the gate of the MOSFET and parasitic inductance in the circuit.  A scope 
screen showing final drain and gate voltage is shown in figure 4.12 below. 
 
Figure 4.12 Drain Voltage (yellow) and gate voltage (green).                     
A second prototype was then constructed incorporating lessons learnt on the first prototype.  This 
was the unit used in the glider and was built to be smaller and lighter.  The width was limited by the 
width of the fuselage.  It was constructed on a microEngineering Labs PICProto18 prototype board 
and is shown in figure 4.13.  Figure 4.14 shows the completed MPPT installed in the fuselage of the 
glider. 44 
 
 
Figure 4.13 MPPT Prototype 2 
 
Figure 4.14 MPPT installed in fuselage. 
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4.3.3.12 Code 
The code for the MPPT was written in Microchip Technology’s MPLAB integrated development 
environment [21] and the Hi-Tech C compiler plug-in.  The code was transferred to the 
microcontroller using a UK1301 mini USB PIC programmer from Cana Kit. 
First the header file for the PIC16F88 microcontroller and a delay function were sourced.  The first 
action in the code is the setup of the two configuration registries.  All variables to be used in the 
algorithm are defined, the PWM module is configured, and the A/D module is configured. 
To implement the MPPT algorithm the output voltage and current of the converter is sampled and 
stored in memory.  Next the new power is calculated by multiplying the current and voltage 
together.  The change in duty is implemented by way of ‘if’ statements with five possible paths.   
  If the new measured power is greater than the power measurement from the previous loop, 
and the duty cycle was increased in the previous loop, then the duty cycle is incremented by 
one. 
  If the new measured power is greater than the power measurement from the previous loop, 
and the duty cycle was decreased in the previous loop, then the duty cycle is decremented 
by one. 
  If the new measured power is less than the power measurement from the previous loop, 
and the duty cycle was increased in the previous loop, then the duty cycle is decremented by 
one. 
  If the new measured power is less than the power measurement from the previous loop, 
and the duty cycle was decreased in the previous loop, then the duty cycle is incremented by 
one. 
  If there is no difference between the measured power and the power measurement from 
the previous loop, then the duty cycle is incremented by one. 
Next it is determined if the duty has been increased or decreased and the result stored to memory.  
The new duty cycle setting is written to the CCPR1L and CCP1CON registries and the current power 
measurement stored to memory for use in the next loop.  Lastly a 2 ms delay is implemented.  It was 
found that this was necessary due to the fact that if the algorithm cycled too quickly, the circuit did 
not have time to settle to new DC steady state values after the change in duty cycle. 
Once the output voltage rises above 12.6V the gain is reduced.  Under voltage protection was not 
incorporated into the MPPT code as the motor controller has under voltage cut-off which protects 
the battery from deep discharge. 
The code used in the MPPT can be found in appendix D. 
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4.4  Final Mass 
Table 4.3 below shows the final masses of the individual components installed in the glider as well as 
the total. 
Component  Mass (g) 
Fuselage including elevator and rudder servos and control rods  254.6 
Motor including wires  51.0 
Motor controller including wires  8.4 
Gearbox  50.4 
Propeller and adapter  60.0 
Battery including wires  78.6 
MPPT including wires  27.5 
Wings with integrated solar cells and aileron servos  405.0 
Receiver  15.8 
Payload (data logger, airspeed and motor speed sensors)  29.9 
   
Total  981.2 
Table 4.3 Glider final masses 
The total of 981.2 grams is 5% more than the 938 grams predicted for the total mass in the 
conceptual design. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 47 
 
5  Testing 
5.1  Solar Array performance 
The solar array power output at approximately standard test conditions (midday 23/09/11, array 
temp 25 degrees Celsius) was 22 Watts.  This is less than the 25 watts suggested by the solar cell 
data sheet.  The most probable causes of this discrepancy are the effect of the encapsulation 
material on transmission of solar radiation, resistance in the array wiring, and the slight convex 
curve of the solar cells in the array due to the curve of the aerofoil. 
5.2  MPPT testing 
The efficiency of the converter was calculated to be 89.3% as outlined in section 4.3.3.  The actual 
efficiency of the converter was measured and found to be 85% at an input voltage of 5V, input 
current of 4A, and an output voltage of 11.1V.  This test was conducted using a bench power supply 
as the input to the converter. 
Next the MPPT was tested with the input connected to the solar array.  The MPPT proved to be very 
effective at tracking the maximum power point of the array in varied light conditions. 
Lastly an experiment was conducted to check for interference between the MPPT and the radio 
control system.  The concern was that the high frequency switching of the converter could cause 
EMF noise that may interfere with the controls.  If this were to happen in flight it could lead to the 
loss of the aircraft.  To test this, the MPPT was installed in the fuselage and the control system 
powered up.  The MPPT was run at its maximum power setting and the transmitter was moved 
several hundred meters from the fuselage.  No interference or glitches between the MPPT and the 
control system were observed.   
5.3  Flight testing 
5.3.1  Data Logger 
Although the airframe and propulsion group were modelled using software the true test of the 
design would take place in the air.  To test the performance of the glider and it on board systems it 
was decided to install a data logger in the glider.  It was determined that the important variables to 
log would be the battery voltage, propulsion group power, airspeed, and propeller RPM.  The Eagle 
Tree Systems eLogger V3 was selected for this task.  The eLogger can measure and log current, 
voltage, wattage and by adding additional pitot speed sensor and brushless RPM sensor air speed 
and propeller speed can be logged.  After a test flight the data collected by the logger can be 
downloaded and the power for sustained level flight and climb can be determined. 48 
 
 
Figure 5.1 Installation of Pitot tube and Airspeed MicroSensor V3 on the left wing. 
Before the first flight the centre of gravity was tested and found to be at the point specified in the 
construction manual which is 70 mm from the leading edge of the wing. 
5.3.2  First Flight 
It was planned that the initial test flight be conducted without the solar array or MPPT fitted to the 
glider with ballast to simulate their mass.  However this had to be cancelled due to the destruction 
of the motor controller.  This occurred due to the accidental reverse polarity of the supply voltage to 
the controller.  As the replacement took several weeks to arrive it was decided to postpone the test 
flight until the solar array is integrated into the wing of the glider.   
The first test flight was conducted on the 8
th of December 2011 at approximately 4:00pm.  The sky 
was overcast therefore the insolation was poor.  However wind conditions were good with an 
estimated 3 m/s southerly.  The glider was hand launched with full power applied and it climbed 
away strongly.  Analysis of the logged data showed that 60 watts of power was being consumed by 
the motor immediately after launch with full throttle applied, and dropped to 50 watts as the 
airspeed increased.  Once a comfortable altitude (approximately 30m) was reached circuits were 
flown at around half throttle up and down wind.  The elevator and aileron were trimmed so that the 
glider flew straight and level.  The glider showed no unusual tendencies and was very easy to fly 
once trimmed. 
Airspeed was kept high during this initial flight, with the plan to not fly too close to the stall speed 
while familiarizing with the glider’s flying characteristics.  Logged data showed power consumed 
during cruise phase fluctuated between 10 to 25 watts.  Unfortunately the airspeed sensor data did 
not log during this first flight so the power data is hard to analyse.  This will be corrected for future 
flights. 
Turns were conducted using solely aileron and elevator input and as such altitude was lost in these 
turns.  In subsequent flights more rudder input will be used in the turns so the glider banks less, and 
less altitude is lost with changes in course. 49 
 
 
Figure 5.2 Glider before its first test flight 
5.3.3  Second Flight 
The second test flight was conducted on the 21
th of December 2011 at approximately 12:30pm.  The 
flight lasted 10 minutes as the glider had to be landed due to a strong sea breeze.  The glider was 
launched with a fully charged battery and on landing the battery was still fully charged (12.6V).  This 
is encouraging for the glider’s performance, however further testing is required to determine the 
range of solar radiation and the total endurance time possible. 
6  Conclusion 
The design process utilised proved to be accurate.  Predicted masses of individual components and 
the final take off mass of the glider were close to what was achieved in the final prototype, as was 
the predicted power consumption to that measured in flight. 
The project has been very successful in achieving the objectives laid out.  From the testing thus far it 
should be possible to fly the glider for long periods in favourable conditions, being clear skies and 
low wind.  However in practicality these conditions do not occur regularly in a typical Perth, Western 
Australian summer.  Perth has very good solar resources but the wind conditions and the glider’s 
ability to cope with these winds poses a problem.  Due to its light mass and low airspeed it is difficult 
to fly the glider in anything but light wind conditions.  
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7  Recommendations for Further Work 
The MPPT designed for this project could be made smaller and lighter through a custom PCB and 
surface mount components.  As the most likely application for small solar gliders is daytime 
surveillance, further research could include the implementation of autonomous flight control 
systems and an on board camera.  
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Appendix A: MPPT Schematic 
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Appendix B: EasyGlider Airfoil and Polars 
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Appendix C: RFM 18x19 Propeller Data 
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QPROP Propeller File 
 
QPROP Motor File 
 
QPROP Output File 
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Appendix D: MPPT Code 
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Appendix E: Budget 
 
Airframe (EasyGlider):      AU$66.00 
Solar Cells:        AU$3.00 per cell (10 used) 
Encapsulation Material:     AU$39.50 
Battery:         AU$9.85 
Propeller (RFM 18x19):      AU$58.90 
Motor Controller (Schulze fut-9.12ek):  AU$29.00 
Motor (Mega ACn 16/7/17):    AU$81.00 
Gearbox (Kontronik KPG25):    AU$89.00 
Gearbox Adaptor flange:    AU$12.00 
Servo Motors:        AU$90.00 
Data Logger and Sensors:    AU$110.00 
MPPT 
Component  Quantity  Price Each  Price 
Microcontroller - PIC16F88  1  $5.40  $5.40 
Crystal - 20MHz  1  $0.58  $0.58 
MOSFET - IRF3707Z  1  $2.73  $2.73 
MOSFET Driver - TC4427A  1  $1.96  $1.96 
Schottky Diode - STPS10L25D  1  $2.39  $2.39 
Inductor - DR127-470-R  1  $2.88  $2.88 
Capacitors  11  $0.50  $5.50 
Current Sense Amp - MAX4080  1  $3.95  $3.95 
5V Regulator  1  $0.75  $0.75 
Resistors  4  $0.20  $0.20 
PICProto 18  1  $9.95  $9.95 
           
Total        $36.29 
 
Grand Total:        AU$651.54 
Note: the radio transmitter and receiver used for this project where already owned by the author 
and are not included in the budget. 
 
 
 
 
 